Abstract. X-ray mammography is the most sensitive imaging technique for early detection of breast cancer (diagnostics). It is performed by a radiological system equipped with a rotating molybdenum (Mo) anode tube with an additional Mo filter. In the production of X-ray, bremsstrahlung photons produce an intense diffuse radiation, affecting the contrast between normal and cancerous tissue. So it is known that a good mammographic imaging can help to detect cancer in the first stages avoiding surgery, amputation or even death. In the last years there has been some developments in new imaging techniques to improve the contrast spatial resolution between different tissues: digital imaging, or the so call digital mammography. Digital mammographic imaging is considered an improvement in the prevention of breast cancer due to the advantages it offers.
INTRODUCTION
For years there have been many efforts to understand the origin of breast cancer. It is the second cause of death in the world and in some countries even it is the first one. Any improvement in imaging, early identification and cure of breast cancer will be invaluable for the health humanity [1] .
It has been noticed, unfortunately, that death by breast cancer is increasing. What it is known for the genesis of this disease is that in the maturation process in a woman's breast there are changes from in uterus time to menopausal years. This process is different for women who have had children than for those who have not. Also these changes occur under the influence of some variables: age of menarche, use of hormonal birth control, number and timing of children, the practice of breastfeeding, age of menopause, as others [2] .
All this motivated to have a proper tumor classification, that is critical to the assessment and treatment of cancer. To optimize this classification it is necessary to determine both the present disease state and its potential for progression. For this oncologists use three concrete variables to define the stage of a tumor: tumor size, metastasis and nodal involvement.
X-ray mammography is the only approved study to diagnostic a possible presence of cancer. There are other kind of studies, in particular Magnetic Resonance Imaging (MRI) gives better resolution and avoid false positives in the diagnostic, but it is more expensive and it is not available everywhere. It is used only as a check for a mammography study. X-ray mammography involves several stages in order to obtain the best image to permit physicians to get a conclusion of the cancer examination in breast. For a good diagnostic it is necessary to have: imaging quality, dose optimization, good positioning, 
CONVENTIONAL MAMMOGRAPHY
Radiography is a flat image showing the attenuation of X Rays in a sample. From the viewpoint of good radiology, only absorption is desirable since scatter results in uniform irradiation of the film, which reduces contrast. Only the absorbed X-rays contributes to the radiation dose to the patient. So scattering is an undesirable but unavoidable effect for getting good radiographic images.
The radiographic process depends on the fact that when a beam of X-ray passes through matter its intensity is reduced by an amount that is determined by the physical properties, notably thickness, density and atomic number, of the material through which the beam passes. Hence the variations in these properties from one part of the patient to another can create details in the final radiographic image. These variations are often quite small, so a full understanding of the way in which they affect X-ray transmission under different circumstances, especially at different photon energies, is essential if image detail is to be optimized [3] .
In order to obtain a mammographic image it is essentially three things to have and to put in proper operation conditions: X-ray generation, breast compression and film development. In figure 1 the main parts of a mammography device are shown.
X-ray generation
When electrons are accelerated to energies in excess of 5 keV and are then directed onto a target surface, X-rays may be emitted. The X-rays originate principally from rapid deceleration of the electrons when they interact with the nucleus of the target FIGURE 2. Generation of X-rays atoms. These X-rays are known as "bremsstrahlung" or braking radiation. The essential features of a simple X-ray tube are shown in figure 2 and comprise:
• a heated metal filament to provide a copious supply of electrons by thermoionic emission and to act as a cathode; • an evacuated chamber across which a potential difference can be applied; • a metal anode (the target) with a high efficiency for conversion of electron energy into X-rays photons; • a thinner window in the chamber wall that will be transparent to most of the X-rays.
When a fast-moving electron strikes the anode, several things may happen. The most common is that the electron will suffer a minor elastic interaction with an orbital electron. This will result in the transfer to the target of a small amount of energy which will appear eventually as heat. At diagnostic energies, at least 99% of the electron energy is converted into heat and the dissipation of this heat is a major technical problem. Occasionally, an electron will come close to the nucleus of a target atom, where it will suffer a much more violent change of direction because the charge and mass of the nucleus are much greater than those of an electron. The electron does not penetrate the nucleus because the energy barrier presented by these positive charges in the nucleus is far in excess of the electron energy. This results in the electron being deviated around it. The interaction results in a change in kinetic energy of the electron and the emission of electromagnetic radiation that is in the X-ray range of the spectrum. The amount of energy lost by the electron in such an interaction is very variable and hence the energy given to the X-ray photon can take a wide range of values.
In the range of energies of importance in diagnostic radiology the photoelectric and Compton effects are the only two interactions that must be considered. Since the latter process generates unwanted scattered photons of lower energy but the former does not, and the former process is very dependent on atomic number but the latter is not, it is clearly important to know the relative contributions of each in a given situation. The photoelectric process decreases sharply versus energy while for an energy of 30 keV the Compton process is more important for soft tissues. 
Compression
X-ray photons encounter exactly the same number of molecules in passing to any tissue if it is compressed or not. Hence there will be the same amount of attenuation and scatter. Therefore when a patient is compressed, soft tissue is forced out of the primary beam and there is less scattering material present and contrast is improved. Also compression serves to obtain an uniformity in the whole body, to distribute the tissues in the volume, to reduce of motion and of course all this implies the reduction of dose.
X-ray film
The material used for an X-ray film is generally polyester. It is completely stable during development. Normally it has an emulsion bound to both sides. This emulsion is sensitive to X-rays and light, so it is necessary to keep it in a light tight container. The emulsion is composed of crystal of silver and bromide ions which are in a cubic lattice. There are some impurities necessary to attract any free electrons produced when it is exposed to X-radiation. This trapping makes the silver atoms to be neutral and constitute the latent image. During development the crystal which not contain this latent image are washed off by a reducing alkaline agent.
There are some details in this developing process. If the agent is too strong it will develop crystal in which no latent image is present. Even in an unexposed film some crystals will be developed to produce a low level of blackening called fog. The fog level can be increased by using inappropriate conditions as stronger developer or high temperature. A temperature control at least half degree is needed.
Referring to films the energy of X-ray has to be taken into account. It is known that the optical density varies as a step function. It is necessary to work in a range of energies where the variation of this optical density vs. energy is linear (see figure 3) .
DIGITAL MAMMOGRAPHY
The digital revolution in imaging began in the 1970's with the introduction of the first digital imagers. In the 1980's digital imaging technology spread to camcorders, and in the 1990's to digital cameras. Then radiography's turn arrived to take advantage of digital technology. Digital radiography devices have been in serious development for the last decade and are available for many applications.
Among the devices used for digital imaging there are the charged coupled device (CCD) and CMOS imagers. Another imager is the amorphous silicon made as an array of active thin-film transistors (TFT) matrix readout. Finally some silicon detectors mainly used in high energy physics as elementary particle trackers are applied also in creating a radiographic digital image.
Semiconductor (silicon) detectors are being increasingly employed in medical imaging due to their ability to provide high spatial resolution and high detection efficiency. In principle they can combine conversion of X-ray photons and generation of an electrical signal in the same material. These characteristics are especially attractive in those fields of medical imaging which require high spatial resolution and which make use of relatively low energy X-rays. The best example is perhaps mammography, where photon energies around 20 keV (Mo anode X-ray tube) are routinely used, and a spatial resolution of 50-100 µm is required.
Therefore some of the advantage of using these kind of devices are: having better spatial resolution, manipulating the image, removing film variability, minimizing retakes, enabling easier transfer of information, reducing storage space and reducing time and dose exposition.
Imaging
As mentioned before in order to create a good image to be useful in diagnostics it is important to get a good resolution and contrast. There are some interpretations of the image that depend on the radiologist's ability and experience, however, if a detailed image is given to a physician he or she can give a better diagnostic.
For a digital image there is always a linear dependence between the optical density vs. energy, see figure 3 . This is an important advantage because in that way there will be no stronger limitation in the working energy range.
Silicon strip detectors
One of the devices that is applied for creating digital images is a semiconductor detector called Silicon Strip Detector (SSD). The principal aim in the applications of this device is as tracking of elementary particles produced in collisions at high energies. It reacts when radiation crosses its surface and a relative small production of charge is created. This charge is carried by some silicon strips to the electronic system where it is transformed into a digital signal, see figure 4. • Speed of reaction when radiation cross the surface of 10 ns.
• Spatial resolution ∼ 10µm.
• Flexibility of design.
• Small amount of material (0.003 X 0 for 300 µm thick detector).
• Linearity of the response vs. the deposited energy.
• Good resolution in the deposited energy.
• Tolerance to high radiation doses.
Comparing to a conventional way of obtaining an image, SSD presents some advantages: (i) a higher efficiency with respect to conventional screen-film systems, (ii) possibility of having digital processing, transfer and storage of images, (iii) by implementing a double threshold scheme, double energy imaging with simultaneous exposure becomes possible [6] [7] .
CONCLUSIONS
Here there are some comments of conventional and digital mammography taken from recent meetings on imaging given by physicist and physicians.
• Mammography is useful in the limited detection of breast cancer (positive and negative falses).
• Mammography is for detection, not for diagnostics.
• Mammography success: perception of small injuries and quality in imaging.
• Digital mammography presents some advantages as it gives an image that can be processed, saved and transmitted electronically.
• However it is not possible to evaluate digital images with analogical parameters.
There must be quality control parameters for digital images.
• For physicians, if there is no experience with a conventional image, it will not be possible evaluate well a digital one.
• There are already digital mammographic units. They are 1-10 times more expensive. More research in this field has to be done.
